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This irveti0n reltes to n0ve!. organic com- medium with dilute sodium bisulflte, sulfuric 
Rounds. More particulrly, his invention deals acid or phosphoric acid. In this latter reaetior, 
with novel, water-soluble derivatives of lignin, it is believed, some sulfonic acid, sulfate or phos- 
usefu! as tanning agents., phare groups are entered into the molecuie, 
Hides and skins bave been tanned with a vari- 5 parting fo the same solubility in water on the 
ety of vegetable extracts such as quebracho, acid side. 
chestnut, hemlock, divi-divi, oak, spruce, sumac, The structure of lignin has not been deter- 
etc. Some of these extracts are imported and mined deflnitely to date. Furthermore, its com- 
at rimes bec0me scarce and high priced. A num- position often varies with the source employed 
ber of efforts bave been made to provide a do- 10 and with other factors affecting its formation. 
mgstic source of anning materials both by grow- The recent trend in science is to regard lignin 
ing suitable shrubs and trees from which tan- as a polymer based upon a complicated funda- 
ning extracts may be obtained and by convert- mental unit of molecular weight of about 800- 
ing other raw materials into tanning agents. 1000'. This unit is often referred to as the lignin 
0ne of. thv. cheapest aZ!d most plentiful raw 15 molecule, and will be so employed hereinbelow. 
materials c0nsidered is linin. This is radily The lignin molecule has been determined to 
aval!able as a by-product i n PaRer manufacture contain aromatic nuclei and furane or pyrane 
and also in the utilization of farm products, rings. If is also known to bear a.relatively large 
I-towever, the application of lignir to the prob- number of methoxy groups and a smaller num- 
lem of tannig bas not been devel0ped to date 20 ber of hydr0xy groups, of alc0holic and pherolic 
fo a commercially successful stage. Lignin itself natures. 
is insoluble in water except under highly alkaline It is clear that the reaction which takes place 
conditions. To be applicable as a tanning mate- according fo my invention cannot very well e 
rial, a water-soluble derivative thereof must be forïnulted by means of an accurate equaion. 
emp!oyed. Hitherto, the only water-soluble form 25 Where a polyhydric Phenol is employed for 
of lignin available on a commercial scale bas condensation, some of the phenolic OH groups 
been the sulfonic acids there0f obtainable as appear to remain unattacked, contributing to the 
by-products i n the paper industry by the sulfite- tanning qualities of the compound. For this rea- 
pulp process. These, h0wever, do n0t produce a son, I consider the selection of a polyphenol, 
tanning effect of sufficient!y good quality to re- ,0 such as resorcinol, hydroquinone, phloroglucinol, 
pace the aforementioned extract_s. Further- etc., a preferred embodiment of my invention. 
more, the vast supply of unsu!fonated !ignin For the sake of further illustration, and With- 
obtainable as by-product in the sulfate and Sda- out ïilniting my invention thereby, I give hre- 
pulp processes of paper making and in the work- inbelow a few typical examples of my mode of 
ing-up of many agricultUral residues such as S5 procedure. Parts mentioned are by weight. 
corn cobs, flax shive, oat hulls, cottonseed hulls 
and bagasse, bas emained hitherto virtually Exam.e 
untapped. 
Now according to this invention water-soluble 84 parts by weight of alkali lignin and 200 
derivatives of lignin, of excellent tanrdng quali- 40 parts of resorcinol were intimately mixed and 
ries are obtained by reacting lignin with boric heated together for a Short period to a teïnPera- 
acid and phenols, preferably polyphenols, fol- ture of 95°-100 ° C. untfl a clear melt was 0b- 
lowed by neutralization with an alkali, such as tained. 24 parts of boric acid were then added 
sodium hydroxide, in small portions over a period of 15 minïtës 
The reaction product may be isolated as an 45 at a temperature of 10°-118 ° C. TtoEe reation 
alkali-metal salt or in the form of free acid. mass was then heated in S0 minutes to 146 ° C. 
The former is soluble directly in water; the acid and maintained at this temperature for 2 hours 
form ,becçes soluble in water upon the addition nore. The reaction was held under reflux at 
of lkalL The reaction prOduCt may also be this temperature due to the formation of water 
made fo dissolve in an acidifled aqueous batl 50 of reaction. The clear, brown, fluid reaction 
by adding to the latter water miscible solvents, mass was then dsolved in 2600 parts of water 
such as ethyl alcohol, acetone, etc. Additional b# making it strongly alkaline with 370 parts of 
solubility properties, more especia!ly solubility 30% sodiu m hydroxide solution at room temper- 
i an acid bath, may be bestowed upon th e- ature, filtered and acidifled with sulfuric acid 
action product by racting the saine in aqueous 5 fo Congo red paper, to pecipitate thë product. 
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 The filtered product was washed well with water 
and dried at 60 ° C. 
The product was a light brown powder, ver« 
soluble in dioxane, acetone, Cellosolve, dilute 
kalies and dflUted alcohol-water solution. The 
product contained 3.32% boron and 8.61% meth- 
oxyl, as compared with 0 and 12.15%, respec- 
tively, for the lignin itself. When tested as a 
tanning agent on sheepskin by the method of 
Example 8 hereinbelow, if gave a leather pos- l0 
sessing good fullness, feel and apperance and 
having a shrink-temperature of 75°-78 ° C. 
Example 2.--Lignin-phenol-borae 
In a manner similar to that described in Ex 
ample 1, 124 parts by weight of boric acid were 
added over a period of 15 minutes to a melt con- 
sisting of 84 parts of alkali lignin and 200 parts 
of phenol ai a temperature of 105°-110 ° C. The 
reaction mass was slowly heated in 30 minutes fo 
145°-150 ° C. and maintained af this temperature 
for 2 hours. The reaction mass was fiuid af this 
temperature and refiuxed because of the water 
liberated from the reaction. The c!ear brown 
fiuid melt after cooling fo 90 ° C. was drowned in 25 
2600 parts of water and ruade alkaline with 370 
parts of 30% sodium hydroxide solution af 
24°-34 ° C. After stirring af room temperature 
for 2 hours the alkaline extract was filtered from 
a substantial amount of insoluble material. The 3O 
alkaline extract on acidification with concen- 
trated hydrochloric acid gave a tarry product 
.which was steam distflled to free if of phenol. 
The residual product, after filtering, washing 
and drying ai 60 ° C., was obtained as a light 35 
brown powder, which was easily soluble in 
oxane, alcohol, Cellosolve and weak aqueous 
alkali. As in the case of corresponding resor- 
cinol composition, boron and methoxy contents 
indicated definitely that reaction had occurred. . o 
Pickled sheepskin, on being vegetable tanned 
with a tanning solution of this compound as 
Example 8 hereinbelow, had a shrink tempera- 
ture of 66 ° C. It possessed very good all around 
leather feel, appearance, fullness, body strength 
and smooth grain finish. 
Example 3.--Lignin-boric acid-dipzenylol 
propane 
42 parts of alkali lignin and 23 parts of 4,4'- 
dihydroxy diphenyl-2,2-propane were mixed with 50 
13 parts of boric acid and heated on an off batl 
ai 180 ° C. for 3 hours while stirring. To thL cooled product, 700 parts of water and 330 parts 
of 30% sodium hydroxide were added. The re- 
sulting solution was filtered and thon acidified 55 
to Congo red with sulfuric acid. The insoluble 
precipitate which formed was filtered off, washed 
with water until neutral and dried. A light 
brown powder was obtained, which was soluble 
in weak alkali and in dilute alcohol. 60 
Sheepskin tanned with the compound in the 
manner described in Examples 8 and9 herein- 
below gave a firm, pliable leather with a shrink 
temperature of 57 ° C. 
65 
Example 4.--Lignfn-boric acid-dphenylol- 
sul]one 
42 parts of lignin, 15 parts of 4,4'-dihydroxy 
diphenyl sulfone and 6.2 parts of boric acid were 
put in 250 parts of dioxane and heated af 7O 
100°-105 ° C. overnight, yielding a c!ear solution. 
The dioxane was thon distflled off af 110 ° C. 
The residue was taken up in benzene and heated 
to distil off the benzene. The residue was dis- 
solved in 1500 parts of water by adding 240 parts 75 
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of S0% sodium hydroxtde and stirring for 3 
hours. It was then filtered to remove some in- 
soluble material. The iltrate was ruade acid fo 
Congo red paper with sulfuric acid. The pro- 
5 cipitate so formed was filtered off, washed acid- 
free and dried. 
Pickled sheepskin tanned with this product 
gave a sort leather of good tear strength and a 
shrink temperattu'e of 58 ° C. 
Exampe 5.--Using dioxane as soiven 
42 parts of lignin, 24 tarts of resorcinol and 17 
parts of boric acid were refluxed in 300 parts 
dioxane at 105 ° C. for six hours. The dioxane 
15 was then distilled off and the melt was heated 
at 180 ° C. for 2 hours. The mass became quite 
viscous. The solid obtained on cooling fo room 
temperature, was ground to a brown powder. ï%s 
in the previous examples, the product consti- 
20 tuted an excellen tanning agent. 
Exampe ô.--Usng a closed vvseI 
26 parts of hardwood lignin, 17 parts of resor- 
cinol and 15 parts of boric acid were intimateiy 
mixed and heated in a stainless steel bomb at 
180 ° C. for 10 hours. The bomb was cooled and 
52 parts of a viscous brown mass were obtained. 
The product was soluble in alcohol, dioxane and 
slightly alkaline solutions. 
Sheepskin tanned with this product as in Ex- 
ample 9 hereinbelow was firm, pliable and of 
moderate fullness. If had a shrink temperature 
of 65 ° C. 
ExampIe 7.--Bisullïte reatmen 
26 parts of the lignin-resorcinol-borate con- 
densation of Example 1 were dissolved in 100 
parts of water and 52 parts of 30% sodium hy- 
droxide solution. 30 parts of sodium bisulfite 
were a.dded and the solution was stirred ai re- 
flux temperature for 12 hours. t was then 
cooled fo room temperature, acidified with con- 
centrated PIC1, heated fo a boil fo expel SO, and 
filtered to remove a small amount of insoluble. 
material. When applied fo sheepskin according 
to Example 10 hereinbelow, a good leathdr was 
obtained, having a shrink temperature of 65 ° C. 
In the following additional examples I indi- 
cate the modes of tanning employed by me in 
testing the hereinabove products. But it will bc 
understood that my invention is not limited fo 
any special mode of tanning and that other pro- 
cedures well known fo those skilled in the 
may be applied. 
Exampe 8 
A tanning solution from the product of Ex- 
ample 1 was prepared as follows: 
Parts 
Lignin-resorcinol-borate .................. 50 
Alcohol, 95% ............................ 260 
An alkane-sulfonate dispersing agent ....... 
Water ................................... 130 
The lignin-resorcinol-borate was flrst dissolved 
in the alcohol by warming fo 50 ° C. and then the 
alkane-sulfonate dispersing agent and water 
were added fo give a clear solution of the tanning 
agent. The pI-I of this solution was adjusted fo 
4.0-4.5 by adding sulfuric acid. Pickled sheep- 
skln, on vegetable tannlng with this solution for 
6 hours in a tumbler, had a shrink temperature of 
77.5 ° C. In a smilar manner cowhide, on being 
tanned with this solution had a shrink tempera- 
ture of 75 ° C. 
The resultant leather was tough and durable 
and less water-sensitive than corresponding que- 



brho.tanned skins. In contrst  fo a quebr.cho 
anned ski_n, çhe new tanningagent.gavemuch 
better penetration, with. less grain puckering. 
The resultant leather possessed good fullness and 
in general had a very goodallaround leather.feel 
and appearance. 
2.5 g. of the powder obtained in Example.5  were 
dissolved i 60 g. of war by addg about i g. of 
30% sodium hydroxide solution. The pli of e 
resultant solution was adjusted to 8.5 by the 
dition of bout 5 g. of 10 formic acid solution. 
The resulting colloidal solution was used fo tan 
sheepsMu- a ollows: 
A piece of wet picMed sheek, 3 x 3 inche 
weighing 5.1 g., was tumbled with 30 g. of water 
.Containg 5 g. of sodium chlorlde for 20 minutes. 
e above tanng extract was added  four 
equal portions, tumblingfor 30: minus after each 
of the fit 3 additions and then tumbled for 
hours. The pli of the tanng liquor at this pot 
w 7.7. The pli was thon adjusd to 3.5 with 
10% formic acid and tbling was continued for 
1 bout. The skin was thon ried and dried. If 
had a shrink temperature of 62  C. The leather 
was firm, pliable and had a good teur strength. 
Example 10 
45 g. of the solution obtained in Examp!e 
containing 3 g. of e solubilized condeation 
product, was adjusted to a pli of 4.4 with sodium 
hydroxide and used as a tanng iiquor. 
A 3 x 3 ch piece of pickled sheepsMn weigh 
ing 5 g. was tumbled  30 g. of war and 5 
of salt for 20 minutes. The above tanning liquor 
was then added in four equal increments, tum- 
blg 30 minutes afr each of the first 3 addi- 
tions and 6 hours after the last. It was nord 
that the sait did net cause any precipïtation 
the tanng liquor. e pli of the tanng liquor 
was 4.5 af the end of the fading. The ed 
sk was removed, rinsed and ied. It was m, 
pliable and moderaly full with a rink tem- 
perate of 65  C. 
It will be understood that the bove procedures 
are susceptible of wide vaation within the sp'it 
of is invention. Thus, in lieu of resorcinol in 
Example 1, a corresponding quantity of orcinol, 
hydroquinone, pyrocatechol, pyrogallol, phloro- 
glucinol or hexahydroxy-benzene may be em- 
ployed. In lieu of phenol in Example 2, a corre- 
sponding quantity of cresol, caacrol or thol 
may be employed. Methoxy groups in the ben- 
zone rg likewise react with the boric acid mol- 
ecule; therefore, methoxy-substituted benzenes 
such as guaiacol and veratrole may also be 
ployed. Various other substitution derivatives 
may likewise be employed, as illustrated by pyro- 
gallol, m-hyoxybenzaldehyde, salicyclic acid, 
2,7-hyoxy naphthalene, cresol, xylenol, bets- 
hydroxy-3-naphoic acid, 4,4'-diphenylol-2,2- 
propane, 4,4'-diphenylol sulfone, bis( 3,3'-chloro- 
4,4'-phenylol)-2,2-propane and bis(2-hydroxy- 
3,5-dichlorophenyl) methane. e last-men- 
tioned chlorinated phenols are of special interest 
because of their fungicidal properties; if is ex- 
pected that by the use of the resulting tanng 
aent, fungus resistant leathers may be develoçed. 
About the only imorut limitation on the phen- 
olic compound fo be chosen is t.hat is that it be 
fr of basic radicals such as amino and that it 
should melt at the reaction temperate or be 
soluble in an ert solvent which is liquid at the 
reaction temperature. 
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pt0yel,fo_rinstnce:.box sodium tetrborteQr 
sodium, metaborate. 
In. lieU o.f sodium hyd:oxide, potassium 
5 droxide, a.ramonium hydr0xide, sod ash or:other 
convenient alkalis my beemployed fo neutal- 
izing the econ proguct. 
The :eacion. maY be carried in a solvent, for 
inStance.dioxane. In such cases, the mclar 
10 portions qf:the_phenol and boric.acid with respect 
to the lign should be at least 1:1:1 and prefer- 
ably 2:4:1, the unit of M. W. 8001000being con- 
sidered for this purpose as 1 mole of lignin. On 
the. other hand, an excess of- the phenolic aent 
15 may be:employed te serve as a.flux, in which.event 
the_ qnantity of. bvc acid should preferably like- 
wise be  excess,, and preferably stoichivmetr]c 
with respect  e.phenol, so as fo avoid consum- 
ing all of the boron-OH groups bY esteriflcation. 
fio The mpemture of the reaction may be anY- 
where from 100  C. to the reflux temperature of 
the mass or even up to 250  C. if a sealed vessel is 
employed. 
The alkane-sulfonate dispersing agent emr 
]5 ployed  Example 8 was the product of Example 
3 of U. S. P. 2,197,800. But any other coon, 
non-corrosive wetting or dispersg agent may be 
used in its place, or it may be omitd altogether. 
Likese, the function of the alcohol in e saine 
:;:) Example 8, is te assist in dissolng the 
borate-phenolic product, thereby accelerating the 
tanng pmcess, but if may be replaced by any 
other watt-miscible inert solvent, for instance 
acene. 
5 Also, as shown in Example 7, the product may 
be rendered soluble in aqueous liquors of low 
by treatment with sodium bisulfite. Such solubil- 
ization may also be achieved by ffeatment wi 
phosphoric or sulfuric acid. The advantage of 
]» this added solubilization step is that if eliminas 
the necessity of using an auxiliary agent te get 
solution in the lower pli range where vegetable 
tanng is normally carried out. 
For evaluating tl]e quality of the leather pro- 
45 duced, I bave employed hereinabove the shrink 
temperature method. It is a measure of the de- 
gree of tanning, depending on resistance fo the 
action, of hot water. The leader is placed in 
cold water which is head gradually, and the 
50 shrink temperature is that af which e leather 
suddenly begins te shrink. A value over 50  C. 
is considered fo indicate that a significant 
amount of tannée bas been produced. 
The liin employed in the above examples 
55 was of the type caled "alkali liin," obtned 
from the black liquor arising in the soda-pulp- 
ing of wood. It is a brown powder; insoluble in 
water, but soluble in strong alkali. However, if 
is not necessary fo start wih "a!kali lignin." For 
ç0 instance, ptially demethoxylad lignin may be 
used. Likewise, partia]]y oxidized lig or so- 
called degraded liins, for itance the product 
of U. S. P. 2,482,594, may be emp]oyed. 
The produc of this invention have the - 
ç5 vantage over the natural vegetable extracts in 
that they are prepared from readily available ma- 
terials and are hot dependent on impor at vary- 
ing price levels. Being manufactured chemicals 
they are also susceptible to close control of qual- 
;0 ity and need hot vy in tanning strenh from 
bath to batch as natural materia]s do. They 
may be used to tan various tes of leathers such 
as sort garment leathers, side leather for shoe 
uppers or sole leather, belting leather, etc. The 
75 lignin derivatives may be used as a rein after 
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conventional chrome tanning or after tanning 
with other synthetic tanning agents such as ali- 
phat4c sulfonyl chlorides. They may also be 
used in admixture with the normal vegetable 
tracts commonly used as tanning agents. 
I claire as my invention: 
1. Water-soluble derivatives oï lignin, being the 
cmnpounds obtained by reacting lignin with boric 
acid and a phenol in quantitàes not less than 1 
mole oï each of the latter two fo 1 mole of lignin 
the latter being considered as having a molecular 
weight oï between 800 and 1000), and alkalizing 
the reaction product. 
2. Compounds as in c]aim 1, the phenol em- 
ployed containing at least two hydroxy groups. 
3. Compounds as in claim 2, the proportions 
of the reagents being substantially 4 moles of 
boric acid and 2 moles of the phenolic compound 
to 1 mole of ligAn. 
4. Water-soluble derivatives of lignin, being 
the compounds obtained by reacting 800 parts by 
weight of lignin with not less than 248 parts 
boric acid and hot less than 220 parts of resor- 
cinol, and neutralizing the reaction product with 
alkali. 
5. The process of producing a water-soluble 
derivative of lignin, useful as a tanning agent, 
which comprises reacting lignin with boric acid 
and a phenol in quantities not less than i mole of 

8 
each of the latter two fo 1 mole of lignin 
(the latter being considered as having a molec- 
ular weight of between 800 and 1000), and 
alkalizing the reaction product. 
5 6. A process as in claire 5, the reaction being 
carried out in an inert organic solvent. 
7. A process as in claim 5, the phenol and boric 
acid being employed in excess, to provide a flux 
for the reaction. 
]0 8. A process as in claim 7, reaction being ef- 
fected by heating together the three ingredients 
fo produce a melt, and further heating the melt 
ai temperatures between its melting tempera- 
ture and reflux temperature. 
15 WALTEI JEAN BALON. 
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